by several observers for other rusts (2) has often been dletected in the distillates derived from stem rust uredospores. The fishy odor of fresh distillates frequently gives place upon dilution or storage to an odor more like the fragrance of flowers. If the odors and the biological activities of the preparations discussed in this paper are properties of the same compound(s), then the widespread production of odors by rusts may have some significance in the ontogeny of parasites of this group.
SUMMARY
A fraction stimulating uredospore germination was obtained by distillation from the substances released into water by uredospores. The original water solutions which inhibited germination (crude inhibitor solutions) gave rise to the stimulant during distillation and at the same time lost their inhibitory activity. Some stimulant was apparently present in the original solution.
The activity of distillates in stimulating germination was demonstrable under a variety of conditions. It was most readily detected when an inhibition by some other agent Was counteracted. Distillate overcame the self-inhibition of germination occurring in large populations of spores, and counteracted the inhibitions imposed by neutral potassium phosphate and by residues left after distillation of inhibitor solutions.
The same distillates affected the rate and extent of germ-tube growth and diffrentiation. Germ-tube growth was retarded under a variety of conditions, and at high concentrations was almost completely prevented. At concentrations similar to those retarding elongation, the germ-tubes developed a series of structures which have been identified as appressoria, substomatal vesicles, and infection hyphae. These structures formed in high percentage (up comppartlmient. The cell was closed with a ground glass cover and incubated in darkness at 160 C for 90 to 120 minutes after which germination was stopped by addition of formalin and one loopful of spores was removed for subsequent microscopic examination. Three groups of 100 spores, or a total of 300, were counted from each cell. A spore was considered as germinated if it had produced a germ tube of length greater than the germ tube diameter.
Spores of race 56 produced on Baart wheat in the greenhouse proved satisfactory as indicator spores and were used in the majority of tests. Spores of races 17 and 38 also were suitable. Old, as well as freshly harvested, spores were usable provided the viability remained high.
Because gemination of Puccinia uredospores has been reported as sensitive to various environmental factors, several variants of the standard assay method were compared. Essentially identical results were obtained in Pyrex and in porcelain vessels. Whether the test solution or the test spores were introduced into the Conway cell first was immaterial. Germination under the assay conditions was not affected by diffuse daylight or fluorescent light of moderate intensity such as normally encountered in the laboratory. The number of spores used in the cell could be increased to at least three times the standard amount without significantly influencing the assay. Whether the test spores were floated on AI/90 pH 6.0 phosphate buffer or on distilled water made no difference. V'ariations of the buffer pH within a few tenths of a unit were inconsequential.
The influence of incubation temperature on the time course of germination is shown in figure 1 . Temperatures between 16°and 240 C were found suitable. Because of the large temperature coefficient of the germination process, care should be taken that all test solutions be brought to the incubation temperature prior to starting the assay. Figure 2 shows that the general shape of the progress curve of germination is unaltered over a wide range of stimulator concentrations. In this experiment, germination had virtually attained its maximal value by 90 minutes of incubation. Figure 3 illustrates the relation between concentration of the crude distillate and the germination response. The curve exhibits a maximum, there being an optimal concentration above which smaller stimulations and even inhibition may result.
PHYSICAL AND CHEMICAL PROPERTIES: The active material could be extracted from aqueous solution by a number of organic solvents including amyl acetate, benzene, carbon tetrachloride, chloroform, petroleum ether, and xylene. The stimulator could be removed completely from aqueous solution by addition of activated carbon.
It is apparent from the mode of preparation and bioassav of the stimulator that it is a substance of appreciable volatility. However, even prolonged boiling of aqueous solutions at atmospheric pressure ,did not remove all activity.
The volatile character of the stimulator permitted the utilization of a convenient and simplified technique for testing its chemical reactivity prior to isolation. Tests were carried out by treating stimulator solutions wth large excesses of selected reagents in stoppered Pyrex test tubes or sealed ampules and determining the residual activity of the reaction mixtures by bioassay in the Conway cells. Volatile acids or alkalies were immobilized by appropriate adjustment of pH prior to bioassay. Creeping of alkaline reaction mixtures was prevented by coating the rim of the inner compartment very lightly with lanolin. Reagent controls were included in all cases.
The stimulatory activity of extracts was not diminished by treatment with sulfuric acid at concentrations at least as great as 2N or with potassium hydroxide up to 3.5N, providing evidence that the stimulator is not of acidic or basic character. The active compound is highly thermostable, being unaltered after heating for 5.5 hours at 1200 C in a sealed ampule in an autoclave. The stimulator was resistant also to hot acid and alkali, no change in activity being caused by prolonged heating in ampules at 1200 C of solutions 2 N in sulfuric acid or 3.5 N in potassium hydroxide.
Results of tests with a variety of reagents used for characterizing organic functional groups are summarized in table I. The results are expressed as complete, or virtually complete, inactivation (loss greater than 95 %), partial inactivation (50 to 95 % loss), or no significant inactivation (less than 20 % loss). It should be borne in mind that the negative results are somewhat less informative than the positive effects inasmuch as the volatile nature of the stimulator precluded some of the reactions being carried out under optimal conditions of heating or refluxing.
None of several reducing agents had any effect on potency of the stimulator. Activity was destroyed completely by such oxidizing reagents as neutral permanganate, acidic dichromate, neutral or alkaline hydrogen peroxide, peracetic acid, bromine, fuming sulfuric acid, and Fenton's reagent. Potassium periodate did not diminish the activity, pointing to the absence of a glycol structure. No inactivation was caused by treatment with a number of sulfhydryl reagents (sodium nitroprusside, mercuric chloride, neutral silver nitrate) nor by pieric acid which might be expected to react with an amino function.
Of the reagents that might be expected to react with an olefinic bond, iodine was ineffective whereas mercuric perchlorate (4) completely removed the activity. The activity could be regenerated by addition of lithium chloride to an aqueous solution of the inactive mercury complex (table II) . 'Mercuric ion can react with a considerable variety of functional groups so that its inactivation of the stimulator is not to be taken as definitive evidence of a double bond. Similarly, the effect of reagents such as bromine and fuming sulfuric acid couldl be due to addition to an olefinic bond as well as to oxidation of other groups. Partial inactivation might result from either (a) an incomplete reaction between the reagent and stimulator or (b) the presence of two or more active substances differing in structure and reactivity. Although the available data do not distinguish unambiguously between these two possibilities, the rather consistent behavior of a large number of diverse reagents, such as the carbonyl reagents used, would seem to favor the latter alternative.
On the basis of the foregoing it may be suggested provisionally that the extract contains at least two germination stimulators, one possessing a carbonyl function, the other a hydroxyl function.
A derivative of the carbonyl-bearing stimulator was isolated in the following manner. Dishes of crude stimulator solution and of an aqueous solution containing semicarbazide and sodium acetate were placed in a closed desiccator. The volatile stimulator diffused into the reagent solution and was converted to a crystalline semicarbazone which accumulated on the surface.
The biologically active stimulator could be regenerated by acid hydrolysis of the semicarbazone. A small amount of the semicarbazone was mixed with 9 % phosphoric acid and distilled. As shown in table III, the distillate was highly active. Regeneration of the stimulator could be demonstrated also by placing semicarbazone and dilute phosphoric acid in the annulus of the Conway cell. As little as 1.5 ,ugm of the crude semicarbazone per vessel produced a significant stimulation when assayed in this manner.
STIMULATION BY KNOWN COMPOUNDS AND OTHER DEVELOPMENTAL EFFECTS: Germination of self-inhibited uredospores could be stimulated to some extent by a variety of substances including ethylene, furfuryl alcohol, furfuryl acetate, 2,4-dinitrophenol, and levulinic acid. However, none of these compounds, even at its optimal concentration, was nearly as effeetive as the endogenous stimulator.
Prolonged exposure of spores to stimulator solutions at appropriate temperatures, induced, in addition to increased germination, the formation of structures resembling appressoria, infection hyphae, infection pegs, and substomatal vesicles. Definitive evidence that these responses were brought about by the same substance that stimulates germination is not yet available. Dilution curves for germination and for vesicle formation are shown in figure 4 . The curves exhibit a measure of similarity but also appear to differ appreciably.
i\IECHANISM OF STIMULATION: Although the detailed mechanism is unknown, it is evident that the stimulator operates by overcoming the influence of an endogenous inhibitor. Thus, the self-inhibition exhibited by concentrated masses of spores on water or agar was abolished by addition of stimulator extract. Furthermore, the stimulator was shown to overcome the influence of endogenous inhibitor solution on inhibitor-depleted spores (table IV) The moistening solution for the turnip seed was an aqueous solution containing 32 ppm of chloramphenicol, which was observed to suppress chlorophyll formation and increase anthocyanin production in a manner similar to that reported for terramycin (14) .
Seedlings were irradiated with a spectrograph source or with a fluorescent or incandescent source of radiation after 3 days of germination time, when the cotyledons had spread out after shedding the seed coats. They were then returned to darkness for 16
